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Abstract 
Introduction: Nasopharyngeal cancer (NPC) survivors often sustain head-neck-shoulder 
impairments from conventional treatments, which could disturb sleep. This novel study 
aimed to examine the efficacy of Tai Chi (TC) Qigong in optimizing temporomandibular 
(TMJ), cervical and shoulder joint mobility and reducing sleep problems in NPC 
survivors.  
Methods: Fifty-two NPC survivors participated in the study. The experimental group 
(n=25) received six months of TC Qigong training (1.5 hours/session; 4 sessions/week 
including self-practice) while the control group (n=27) received no training. Cervical side 
flexion and rotation, shoulder flexion and horizontal flexion range of motion (ROM), 
mouth opening capacity (interincisor distance) and sleep problems (Medical Outcomes 
Study Sleep Scale) were assessed at baseline, mid-intervention (3-month), immediately 
after TC Qigong training and at six-month follow-up.  
Results: Intention-to-treat analysis revealed improvement in cervical side flexion ROM 
only (p<0.008) and unchanged shoulder and TMJ mobility (p>0.008) after the TC 
Qigong training. Deterioration was observed in shoulder flexion ROM and mouth 
opening capacity in the no-training controls over time (p<0.008). Sleep problems also 
decreased in the TC Qigong group (p<0.008) and this effect was most profound during 
the follow-up period. In addition, improvement in cervical side flexion ROM was 
associated with a reduction in sleep problems in the experimental group after TC Qigong 
training (p<0.05).  
Conclusions: The six-month TC Qigong intervention improved neck mobility, 
maintained TMJ and shoulder joint mobility and reduced sleep problems for NPC 
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survivors. TC Qigong could be an effective non-pharmacological intervention for 
managing progressive trismus, chronic neck and shoulder hypomobility, and reducing 
sleep problems among NPC survivors. 
 
Keywords: Head and neck cancer, mind-body exercise, upper-body joint mobility, sleep. 
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Introduction 
Nasopharyngeal carcinoma (NPC) is a malignancy of the head and neck region 
common in Southeast Asia, Southern China and North Africa. The incidence rate in these 
regions is high (25 to 50 per 100,000).1 Currently, the primary medical management for 
NPC is radiotherapy, while chemotherapy and surgery (e.g., nasopharyngectomy) are 
elective treatments.2 Although previous research has shown that these aggressive 
treatment methods can successfully control tumors and thus increase overall survival 
rates,1 survivors generally experience many associated side effects, such as neck muscle 
fibrosis,3,4 trismus or restricted mouth opening5,6 and shoulder dysfunctions.7 The disease 
can also directly cause chronic symptoms, such as pain and fatigue.8 These clinical 
symptoms, together with the sequelae of NPC treatments, can disrupt the sleep of NPC 
survivors.8,9 Sleep is a necessary physiological and behavioral activity and is essential for 
maintaining health and well-being.9 Therefore, it is of paramount importance to explore 
effective strategies for relieving the physiological side effects and sleep problems 
suffered by NPC survivors. 
To manage the adverse effects of NPC and the side effects of conventional cancer 
treatment, many survivors turn to complementary and alternative medicines such as Tai 
Chi (TC) and/or Qigong.10 TC and Qigong are ancient Chinese psychosomatic exercises 
comprising meditation, breathing exercises and coordinated body movements. Regular 
practice of TC/Qigong helps develop good health and promotes self-healing.11 Previous 
studies have reported that short-term Qigong training can reduce neck-shoulder pain and 
disability in individuals with neck pain12,13 and increase sleep duration among university 
students.14 However, no studies have specifically investigated the effects of TC Qigong 
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among NPC survivors who also suffer from head-neck-shoulder disabilities and sleep 
disturbance. This study aimed to (1) investigate the effects of TC Qigong training on the 
temporomandibular joint (TMJ), cervical and shoulder joint mobility and sleep problems 
of NPC survivors, and (2) explore the relationship between upper body joint mobility and 
sleep problems if any significant changes in these outcomes were demonstrated after the 
TC Qigong training. 
 
Methods 
Study design 
This was a single-blinded, non-randomized, controlled clinical trial. The outcome 
assessors were blinded to the group participation. The participants were instructed not to 
inform the assessors about their group to avoid possible bias during measurements.  
 
Participants  
Tang et al.15 reported that the sleep quality score of cancer patients improved from 
13.42±2.27 to 9.78±3.06 after gentle exercise training, which translated into a large effect 
size (1.32). In a study of Qigong, the effect size for joint range of motion (ROM) 
flexibility tests (e.g., the sit-and-reach test) was 0.68 (pre-Qigong=9.8±10.8cm; post-
Qigong=13.0±6.1cm).16 Therefore, assuming a medium-to-large effect size of 0.68, a 
power of 0.80 and an alpha of 0.05 (two-tailed), a minimum sample of 19 participants is 
needed to detect a significant within-group difference in outcome measures. Anticipating 
a possible dropout rate of 15%,17 22 participants were required for the TC Qigong group 
and the control group. 
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Survivors of NPC were recruited from a medical clinic and a cancer survivors 
support group on a voluntary basis. The inclusion criteria were that the participants (1) 
had a formal diagnosis of NPC (positive Epstein-Barr virus-DNA and biopsy test results), 
(2) received conventional hospital medical care, (3) were aged between 40 and 85 years 
and had an expected survival time of over 12 months, (4) were Cantonese and had lived 
in Hong Kong continuously for at least seven years, and (5) had normal cognitive, visual 
and hearing functions. The exclusion criteria were that they (1) were receiving active 
cancer treatments (e.g., radiotherapy, chemotherapy, acupuncture or herbal medicine) or 
were engaged in postoperative rehabilitation, (2) had other chronic diseases (e.g. 
uncontrolled diabetes mellitus, hypertension or cardiopulmonary diseases) or psychiatric 
disorders, (3) had TMJ joint disorder or significant neurological (e.g., cervical 
myelopathy) or musculoskeletal disorders (e.g., fractures and shoulder adhesive capsulitis) 
that could affect assessment performances, and (4) were on hypnotic medications or other 
medications that could affect sleepiness. The participants were first screened by a 
medical doctor. If the participants met the inclusion criteria, they were allocated to either 
the TC Qigong group or the control group according to their preference. Ethical approval 
was obtained from the administering institutes. The study was explained to each 
participant, and written informed consent was obtained. All procedures were conducted 
in accordance with the Declaration of Helsinki. 
 
Intervention 
The participants in the TC Qigong group attended a weekly 1.5-hour session of TC 
Qigong training (concurrent conventional medical care was allowed) at the Nature Health 
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Qigong Association for six consecutive months. The TC Qigong training protocol is 
described in Table 1. The protocol was designed by a medical doctor and a Qigong 
master based on the Eighteen Form Tai Chi Internal Qigong.18 It included NPC-specific 
movements, such as mouth opening and inner ear stimulation exercises, in addition to the 
basic TC Qigong form. Like other TC/Qigong training regimes, our TC Qigong protocol 
emphasized deep concentration (meditation) and coordinated breathing in conjunction 
with slow and smooth TC movements (focused on upper limb movements). The aim of 
TC Qigong is to bring the body, mind and spirit into balance.18 All of the training 
sessions were conducted by a certified Qigong instructor and an assistant instructor (i.e., 
instructor: participant ratio = 2:25).  
Each participant was also given TC Qigong home exercises to supplement each 
training session and to increase the exercise frequency to three times per week (excluding 
the TC Qigong class days). The home exercises were the same as those practiced in the 
face-to-face TC Qigong training sessions. The participants were allowed to split the 1.5-
hour practice time into two or three shorter sessions to avoid fatigue. The Qigong 
instructor or assistant instructor checked with the participants during each supervised 
lesson to ensure that they completed the home exercises. The control group did not 
receive any TC Qigong training during the study period, but continued to receive 
conventional hospital medical care as appropriate. 
 
Outcome measurements 
The participants were assessed by a physiotherapist and a trained-assistant one 
week before the TC Qigong training started (pretest), after three months of TC Qigong 
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training (mid-intervention assessment), within a week of the six-month TC Qigong 
training ending (posttest) and six months after posttest (follow-up test). The assessors 
were blinded to the participants’ subject groups. The participants were asked about their 
demographic and medical characteristics at pretest (Table 2). All of the participants, 
regardless of their grouping, were assigned to the pre-, mid-, post-intervention and 
follow-up assessments in random order. 
 
Cervical spine range of motions 
Active cervical spine side flexion and rotation ranges of motion were selectively 
measured because these movements are essential for bed mobility and daily 
functioning.19,20 To measure the ROM, a Myrin goniometer (Medema, Stockholm, 
Sweden) was attached to the forehead (when measuring cervical side flexion) or secured 
on top of the head (when measuring cervical rotation) of the participant by Velcro strips 
while the participant was in a seated position. This instrument is reported to have near 
perfect test-retest reliability (ICC: 0.90-0.96), inter-rater reliability (ICC: 0.92-0.97) and 
concurrent validity (ICC: 0.93-0.96) compared with a criterion measure (three-
dimensional ultrasound movement analysis device) for cervical full ROM measurements 
in adults.21 During the test, the assessor helped the participant to stabilize the trunk and 
instructed him/her to move the head sideways (cervical side flexion) and then turn the 
head to one side (cervical rotation) to the limit of motion. The active bilateral cervical 
side flexion and rotation ranges of motion were read from the goniometer dial.19 After 
four warm-up trials,21 two testing trials were conducted and the average ROM values in 
each movement direction were documented. 
10 
 
 
Shoulder complex range of motion 
Among the physiological movement directions of the shoulder complex, flexion 
and horizontal flexion are particularly important for the initiation of rolling and daily 
functions.19,20 Thus, these two movement directions were measured by a universal 
goniometer following standardized protocols to minimize compensatory or trick 
movements.19 The universal goniometer was used because it is a valid tool with 
demonstrated good intra-rater reliability (ICC: 0.84-0.91) and inter-rater reliability (ICC: 
0.82-0.89) for shoulder hypomobility measurement.22 Only the dominant side was 
assessed because no significant difference was found between the two sides when 
shoulder flexion and horizontal flexion ranges of motion were compared.23 To measure 
shoulder flexion, each participant sat on a chair with a backrest. The assessor stabilized 
the participant’s trunk and instructed him/her to elevate the arm in the forward direction 
until the limit of motion. The goniometer axis was aligned with the glenohumeral joint 
axis (the lateral aspect of the center of the humeral head) to measure the maximum active 
shoulder flexion ROM without fixing the scapula.19  
To measure shoulder horizontal flexion ROM, the goniometer axis was placed on 
top of the acromion process. Starting from 90˚ shoulder abduction, the participant was 
instructed to slowly reach across his/her chest to the limit of motion. The assessor 
supported the participant’s arm in abduction, if necessary, and measured the maximum 
active horizontal flexion ROM using the same universal goniometer.19 Four warm-up 
trials were allowed for all shoulder ROM measurements.21 Then, the average ROM value 
of the two testing trials was documented. 
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Temporomandibular joint mobility 
Mouth maximum unassisted opening capacity (mandibular depression) was 
assessed by measuring the distance between the incisal edges of the maxillary and 
mandibular central incisors using a plastic ruler marked in millimeters.24 This method 
was found to have near perfect intra-rater (ICC: 0.70-0.99) and inter-rater reliabilities 
(ICC: 0.90-1.00).24 Three trials were conducted and the average mouth-opening distance 
was calculated and recorded. 
 
Sleep problems 
 The Medical Outcomes Study (MOS) Sleep Scale is a 12-item self-reporting 
measure that assesses six sleep dimensions: sleep disturbance, perceived adequacy of 
sleep, quantity (hours of sleep each night), daytime somnolence, snoring and shortness of 
breath or headache. The MOS scale is a valid and reliable instrument for assessing sleep 
problems in adults.25,26 The participants were asked to indicate how often they had 
experienced each of the sleep-related problems in the past four weeks on a six-point 
categorical-scale ranging from “all of the time” to “none of the time”. In addition, they 
were asked to indicate the time taken to fall asleep (ranging from “0-15 minutes” to 
“more than 60 minutes”) and the number of hours they slept each night. The scores were 
recalibrated and converted to the MOS sleep subscale scores (e.g., sleep disturbance 
score) and the nine-item sleep problems index according to the guidelines stipulated in 
the MOS Sleep Scale scoring manual.26 The sleep disturbance score and the nine-item 
sleep problem index were used for analysis. A higher sleep disturbance score indicated 
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that the participants were less able to fall asleep and maintain restful sleep. A higher sleep 
problem index reflected worse sleep problems, including sleep disturbance, sleep 
inadequacy, respiratory impairment and somnolence among the participants.26  
 
Statistical analysis 
The normality of the data was checked by using the Kolmogorov-Smirnov tests. 
Independent t-tests (for continuous data) and the chi-squared test (for nominal data) were 
used to compare the demographic and baseline characteristics of the experimental and 
control groups. The intention-to-treat principle was used for the primary data analysis. 
For participants who withdrew from the study, the last observations (data points) before 
dropping out were carried over to the subsequent assessments. Next, to assess the overall 
time-by-group interaction effects of TC Qigong training and to avoid committing a type 
one error due to multiple comparisons, two-way repeated-measures multivariate analysis 
of covariance (MANCOVA) with a mixed design was conducted twice. The first 
MANCOVA analysis incorporated all of the joint ROM outcomes while the second 
MANCOVA analysis included all of the MOS Sleep Scale-derived scores. The within-
subject factor was time and the between-subject factor was group. If there were 
significant between-group differences at baseline in any of the outcome parameters, the 
baseline data for the outstanding outcome variables were entered as covariates. Effect 
sizes (partial eta-squared) were reported for each outcome. By convention, partial eta-
squared values of 0.14, 0.06 and 0.01 were considered as large, medium and small effect 
sizes, respectively.27 After the multivariate tests, further analyses were performed using 
one-way repeated measures analysis of variance (ANOVA) and then post hoc paired t-
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tests with Bonferroni correction (to compare each outcome variable between time points 
within each group) as appropriate. Independent t-tests were used to compare all of the 
outcome variables between the two groups.  
Secondary data analysis was carried out to further explore the relationships 
between sleep problems and joint range of motion if any of these outcomes demonstrated 
a significant change after TC Qigong training. The bivariate associations between the 
significant MOS Sleep Scale-derived scores and the 
cervical/temporomandibular/shoulder joint ROM values after TC Qigong training were 
determined using the Pearson product-moment correlation coefficient (r). All of the 
statistical analyses were performed using IBM SPSS Statistics version 20.0 software 
(IBM, Armonk, NY, USA). The significance level was set at 0.05 (two-tailed) and 
corrected using Bonferroni adjustment for the paired t-tests (i.e., the alpha was adjusted 
to 0.008 due to six paired comparisons) to maintain an overall type one error of 5%. 
 
Results 
Fifty-two survivors of NPC were deemed eligible to participate in the study. 
Twenty-five joined the TC Qigong training group voluntarily and the rest (n=27) acted as 
controls. Over the study period, 11 participants (44.0%) in the TC Qigong group dropped 
out of the study for reasons that were not related to the training program (busy work 
schedule n=4; illnesses n=2; and unable to commit the time n=5). Six participants (22.2%) 
in the control group dropped out for similar reasons (busy work schedule n=1; unable to 
commit the time n=1; travelled overseas n=1; and lost to follow-up n=3). A total of 35 
participants (TC Qigong group n=14; and control group n=21) completed all of the 
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assessments. No significant differences in baseline characteristics or outcome measures 
were found between the dropouts and those who stayed in the study (p>0.05). Moreover, 
no adverse events were reported during the TC Qigong training sessions, and the average 
attendance rate was approximately 90% for those who completed the TC Qigong 
intervention. 
 
Comparison of baseline characteristics 
No significant differences were identified in any of the demographic variables 
between the two groups (p>0.05) (Table 2). However, cervical spine bilateral side flexion 
and right rotation ranges of motion, shoulder horizontal flexion ROM and mouth opening 
capacity differed between the two groups at baseline (p<0.05) (Table 3). After removing 
the drop-out cases, these outcomes remained statistically significant (p<0.05) between the 
two groups. Therefore, these outcome values were used as covariates in our primary data 
analysis. 
 
Changes in joint mobility 
Repeated measures MANCOVA revealed a significant time-by-group interaction 
effect (p=0.006) and a significant group effect (p=0.013) for the cervical left side flexion 
ROM outcome. The results indicated that, overall, the TC Qigong training program 
produced more gains in the cervical left side flexion ROM than no training. The cervical 
left side flexion ROM increased continuously from pretest to follow-up test in the TC 
Qigong group, although these improvements were not statistically significant (p>0.008) 
for the sample size (Table 3). For cervical right side flexion, one-way repeated measures 
15 
 
ANOVA showed that the ROM increased significantly at the mid-intervention (p=0.001) 
and follow-up assessments (p=0.001) compared with the baseline values. No significant 
change in cervical side flexion ROM was noticed in the control group over time (p>0.05). 
Moreover, no significant time-by-group interaction, group or time effects were detected 
for the cervical rotation ROM outcomes (p>0.05) (Table 3). 
Multivariate analysis also revealed no significant time-by-group interaction, time 
or group effects for the shoulder flexion and horizontal flexion ROM outcomes (p>0.05). 
However, further analysis using paired t-tests with Bonferroni correction showed that the 
shoulder flexion ROM decreased significantly from the mid-intervention assessment to 
the follow-up assessment in the no-training control group (p=0.003). No significant 
deterioration in shoulder ROM was observed in the TC Qigong group over time (p>0.05) 
(Table 3). 
Regarding mouth opening capacity, again no significant time-by-group interaction, 
time or group effects were found (p>0.05). Further analysis using independent t-tests 
showed that excluding the between-group comparisons at baseline, a significant 
difference in mouth opening capacity at posttest only was found between the two groups 
(p=0.039). Specifically, the TC Qigong-trained participants had 13.3% less mandibular 
depression than the untrained participants. Mouth opening capacity also decreased from 
mid-intervention test to posttest (p=0.001) in the TC Qigong group. However, even more 
severe deterioration was observed in the control group. In the control group, the 
participants’ mouth opening capacity dropped significantly from pretest to mid-
intervention test (p=0.004), posttest (p=0.001) and follow-up test (p=0.003) (Table 3). 
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Therefore, the deterioration in mouth opening capacity appears to have been less severe 
in the TC Qigong group (p=0.181) than in the control group (p<0.001) over time.  
 
Changes in sleep problems 
Multivariate analysis revealed that the time-by-group interaction effect (p=0.410) 
and the group effect (p=0.615) were not significant in the nine-item sleep problems index. 
However, the time effect was significant (p=0.037). Post hoc paired t-tests with 
Bonferroni correction revealed a significant decrease in the nine-item sleep problems 
index between the mid-intervention and follow-up tests (p=0.006), and between posttest 
and the follow-up test (p=0.007) in the TC Qigong group. No significant change in this 
index was observed in the control group over time (p>0.05) (Table 3). These results 
indicated that sleep problems in general decreased during the six-month post- TC Qigong 
intervention period.  
For the sleep disturbance score, there were significant time-by-group interaction 
(p=0.049) and time effects (p=0.035), but the group effect was not statistically significant 
(p=0.096). The sleep disturbance score obtained at the follow-up test was significantly 
lower than at the pretest (p=0.005) and mid-intervention test (p=0.003) values for the TC 
Qigong participants. The sleep disturbance scores were similar across the four assessment 
time points in the control group (p>0.05). The sleep disturbance scores in the TC Qigong 
group were 36.1% (p=0.047) and 44.3% (p=0.019) lower than those in the control at 
posttest and follow-up test, respectively (Table 3). Overall, our results indicate that at 
least six months of TC Qigong training reduced sleep disturbance, and that this effect was 
most profound during the post- TC Qigong training period. 
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Relationship between joint mobility and sleep problems 
Because only the bilateral cervical side flexion ranges of motion demonstrated 
significant improvement after TC Qigong training, these two outcomes were correlated 
with the nine-item sleep problems index and sleep disturbance scores at posttest and 
follow-up test. The results revealed that cervical right side flexion ROM was significantly 
associated with the sleep disturbance score at posttest (r=-0.734, p<0.001) and follow-up 
test (r=-0.534, p=0.007). The cervical left side flexion ROM was also significantly 
correlated with the nine-item sleep problems index at follow up (r=-0.533, p=0.007) 
(Table 4). 
 
Discussion 
This pilot study is the first to report the effects of TC Qigong training on upper 
body joint mobility and sleep problems for individuals living with the residual negative 
effects of NPC treatment. Our six-month NPC-specific TC Qigong training program was 
safe, achievable and well received by the participants.  
Neck muscle and soft tissue fibrosis is one of the most common radiation-induced 
complications among NPC survivors. It may also limit cervical ranges of motion.4,19 
Indeed, the bilateral cervical side flexion ranges of motion of our NPC survivors (average: 
24˚ - 33˚) were lower than those of healthy individuals (norm: 45˚)19 at baseline. We 
observed a differential increase in cervical right side flexion ROM, starting from the 3rd 
month until the 12th month in the participants who undertook the TC Qigong training 
regime. A similar trend was also observed in the cervical left side flexion ROM, although 
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it was not statistically significant with respect to the sample size (Table 3). This 
phenomenon can be explained by the fact that our TC Qigong training program included 
stretching postures and movements that may improve cervical side flexion mobility. For 
example, the ‘painting a rainbow from side to side’ and ‘ear stimulation’ exercises 
required the practitioners to slowly stretch their bilateral neck side flexors (the scalene 
muscles and upper trapezius) repeatedly. In addition, the amount of TC Qigong training 
was sufficient for improving flexibility (3-4 days per week; 1.5 hours of repeated slow 
stretching exercises per session) according to the American College of Sports Medicine 
guidelines.28  
Although neck stretching exercises were included in our TC Qigong program, no 
improvement in cervical rotation ROM was found in the participants after TC Qigong 
training (Table 3). This finding is consistent with Lansinger et al.12 who reported no 
improvement in cervical rotation ROM after three months of medical Qigong 
intervention in patients with chronic neck pain. However, rather than proving that 
TC/Qigong is ineffective, the findings in both studies are due to the fact the participants 
had already achieved full cervical rotation range at baseline (Table 3). Another study 
showed that it was not possible to go beyond the cervical rotation physiological limit of 
motion (60˚)19  with further Qigong training. 
Our results revealed that the shoulder range of motion in the forward flexion and 
horizontal flexion directions remained unchanged over time in the TC Qigong group. 
This finding is consistent with one of our previous studies, which showed that TC Qigong 
training might not be able to improve shoulder mobility in breast cancer survivors.29 
Moreover, as 24 out of the 25 participants in the TC Qigong group did not undergo 
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surgery following radiotherapy and chemotherapy, their shoulder mobility was by and 
large intact.30 Accordingly, the TC Qigong training appeared to provide no additional 
benefit to the participants’ normal shoulder ranges of motion. Interestingly, we observed 
a slight deterioration in shoulder flexion ROM in the control group from the 3rd month to 
the 12th month within the study period. We postulated that this might be due to aging or a 
latent effect of radiotherapy on the muscles and soft tissues surrounding the joint.4,31 
Further investigation is necessary to understand the exact causes of this phenomenon.  
Trismus is a common problem in NPC survivors and is associated with reduced 
nutrition, speaking difficulty and compromised oral hygiene.5 To the best of our 
knowledge, our study is the first to show that TC Qigong training was able to attenuate 
the deterioration in mouth opening capacity among NPC survivors. The participants that 
did not undergo TC Qigong training demonstrated a dramatic decrease in interincisor 
distance over the 12-month study period (Table 3). Our findings concur with those of 
Tang et al.6 who reported that trismus progressed quickly in NPC patients if no 
rehabilitation was received. They found that therapeutic exercises (TMJ active ROM 
exercises) prevented the progression of trismus in NPC patients after radiotherapy.6 Our 
TC Qigong program included TMJ active ROM exercises that were similar to the 
rehabilitation regime used by Tang et al.6 As expected, we found that trismus progressed 
much more slowly in the TC Qigong group than in the control group (Table 3). 
The exact mechanisms of the therapeutic effect of TC Qigong training in 
alleviating trismus are not fully understood. Possible mechanisms include (1) ROM 
exercises increase TMJ mobility and improve the flexibility and elasticity of the 
connective tissues surrounding the joint;6 and (2) TC Qigong training improves blood 
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circulation and decreases the local inflammatory response.6,32,33 Certainly, further 
research is needed to confirm these hypotheses. 
We observed that sleep problems, such as sleep disturbance, sleep duration 
inadequacy, respiratory impairment and somnolence, decreased six months after the NPC 
survivors stopped TC Qigong training. In particular, sleep disturbance started to decrease 
after six months of the TC Qigong training and continued to decrease during the no-
training follow-up period. The TC Qigong-trained participants experienced less sleep 
disturbance than the controls at posttest and follow-up test (Table 3). Our findings are 
consistent with a previous study that showed that short-term Qigong training enhanced 
sleep duration.14 However, as the Qigong training period in the previous study was very 
short (one month), changes were not found in sleep disturbance, sleep quality, sleep 
latency and habitual sleep efficiency before and after the Qigong training.14 Our results 
demonstrate that at least six months of TC Qigong training is needed to reduce sleep 
problems. Moreover, the participants’ sleep problems continued to decrease after the 
termination of TC Qigong training because some of the participants continued to practice 
TC Qigong at home after the assigned training period. Although this may have 
confounded the follow-up test results and is an apparent limitation of the study, this 
finding suggests that longer-term TC Qigong training may further benefit NPC survivors 
in terms of quality and quantity of sleep. 
Sleep experts have proposed several mechanisms to explain the sleep-promoting 
effects of exercise which may apply in TC Qigong training. First, exercise-induced body 
temperature elevation can activate both heat loss and the associated sleep mechanisms.34 
Second, sleep duration increases as a function of increased energy expenditure during 
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exercise.35,36 Third, exercise increases electroencephalographic delta power and thus 
overall sleep quality.37 Finally, we found that TC Qigong, a type of mind-and-body 
exercise, was able to improve the cervical side flexion ranges of motion, which have been 
associated with reduced sleep problems (Table 4). This is the first study to demonstrate 
this link in relation to NPC survivors. It may be that the improved cervical side flexion 
range enables NPC survivors to achieve better head and neck inclination in side lying 
posture, especially when the pillow is too thick or thin.38 Further kinematic and kinetic 
measurements are required to substantiate this hypothesis.           
A major limitation of this study is that the group allocation was not randomized. 
Therefore, subject self-selection bias may be present. For example, the participants who 
chose to participate in the TC Qigong program may have been more motivated or 
physically capable. As a result, the observed changes in the outcome parameters may be 
attributable to the physical or psychological characteristics of the participants rather that 
the direct effects of the intervention itself.27 In addition, due to ethical reasons, both 
groups of participants can continue to receive hospital care that may not be identical 
during the study period. This may confound the results of the study. Another limitation of 
this study is the high total attrition rate, especially in the TC Qigong group. Intention-to-
treat analysis (last observation carried forward) was used, which may explain the non-
significant changes in some of the outcomes over time. Further studies may consider 
adopting a randomized, controlled, crossover design with an adequate washout period.27 
Moreover, as aggressive cancer treatments have numerous adverse effects of different 
severities, further research is needed to determine the clinical efficacy of TC Qigong 
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training in alleviating other side effects, such as different degrees of xerostomia, joint and 
eating and speech dysfunctions, thereby improving the quality of life of NPC survivors.39 
 
Conclusions 
This six-month TC Qigong intervention aimed to maintain or improve 
temporomandibular, cervical and shoulder joint mobility and reduce sleep problems 
among NPC survivors experiencing the residual side effects of conventional cancer 
treatment. Our study produced some promising results. The beneficial effects of TC 
Qigong lasted for six months after the cessation of training. Clinicians may therefore 
wish to suggest TC Qigong as a therapeutic exercise for this particular group of clients. 
 
Acknowledgements 
This study was supported by a Seed Fund for Basic Research for New Staff from 
the University of Hong Kong (201308159012) and an Internal Research Grant from the 
Hong Kong Institute of Education (RG57/2012-2013R). The authors are grateful to the 
Mutual Aid Association for their kind assistance in recruiting the participants and the 
Nature Health Qigong Association for providing TC Qigong training for the participants. 
 
Declaration of conflicting interests 
The authors declare that they have no conflicts of interest with respect to the 
authorship or publication of this paper.  
 
  
23 
 
References 
1. Al-Sarraf M, Reddy MS. Nasopharyngeal carcinoma. Curr Treat Options Oncol. 
2002;3:21-32. 
2. Cameron RB. Practical Oncology – A Lange Clinical Manual. New England, US: 
Appleton & Lange; 1994. 
3. Cooper JS, Fu K, Marks J, Silverman S. Late effects of radiation therapy in the head 
and neck region. Int J Radiation Oncology Biol Phys. 1995;31:1141-1164. 
4. Gillette EL, Mahler PA, Powers BE, Gillette SM, Vujaskovic Z. Late radiation injury 
to muscle and peripheral nerves. Int J Radiat Oncol Biol Phys. 1995;31:1309-1318. 
5. Bensadoun RJ, Riesenbeck D, Lockhart PB, et al. A systematic review of trismus 
induced by cancer therapies in head and neck cancer patients. Support Care Cancer. 
2010;18:1033-1038. 
6. Tang Y, Shen Q, Wang Y, Lu K, Wang Y, Peng Y. A randomized prospective study 
of rehabilitation therapy in the treatment of radiation-induced dysphagia and trismus. 
Strahlenther Onkol. 2011;187:39-44. 
7. Van Wilgen CP, Dijkstra PU, van der Laan BFAM, Plukker J Th, Roodenburg JLN. 
Shoulder and neck mobility in quality of life after surgery for head and neck cancer. 
Head Neck. 2004;26:839-844. 
8. Roscoe JA, Kaufman ME, Matteson-Rusby SE, et al. Cancer-related fatigue and sleep 
disorders. Oncologist. 2007;12:35-42. 
9. Lee K, Cho M, Miaskowski C, Dodd M. Impaired sleep and rhythms in persons with 
cancer. Sleep Med Rev. 2004;8:199-212. 
24 
 
10. Liu JP, Li X, Liu JY, Ma LX, Li XX, Fonnebo V. Traditional Chinese medicine in 
cancer care: A review of case reports published in Chinese literature. Forsch 
Komplementmed. 2011;18:257-263. 
11. Sancier KM, Hu B. Medical applications of Qigong and emitted Qi on humans, 
animals, cell cultures, and plants: Review of selected scientific research. Am J 
Acupunct. 1991;19:367-377. 
12. Lansinger B, Larsson E, Persson LC, Carlsson JY. Qigong and exercise therapy in 
patients with long-term neck pain: A prospective randomized trial. Spine. 2007;32: 
2415-2422. 
13. Skoglund L, Josephson M, Wahlstedt K, Lampa E, Norback D. Qigong training and 
effects on stress, neck-shoulder pain and life quality in a computerised office 
environment. Complement Ther Clin Pract. 2011;17:54-57. 
14. Manzaneque JM, Vera FM, Rodriguez FM, Garcia GJ, Leyva L, Blanca MJ. Serum 
cytokines, mood and sleep after a Qigong program: Is Qigong an effective 
psychobiological tool? J Health Psychol. 2009;14:60-67. 
15. Tang MF, Liou TH, Lin CC. Improving sleep quality for cancer patients: Benefits of 
a home-based exercise intervention. Support Care Cancer. 2010;18:1329-1339. 
16. Zeng YG, Zhou XQ, Wang AL, Yang BL, Wang ST. Research on the impacts of 
fitness Qigong BaDuanJin on figure and physical function among the middle-aged 
and aged people. J Beijing Sport U. 2005;28:1207-1209. 
17. Tsang HWH, Fung KMT, Chan ASM, Lee G, Chan F. Effect of a qigong exercise 
programme on elderly with depression. Int J Geriatr Psychiatry. 2006;21:890-897. 
25 
 
18. Mak YK. 18 Forms Tai Chi Qigong [in Chinese]. 7th ed. Hong Kong, China: Wan Li 
Book Co; 2012. 
19. Clarkson HM. Musculoskeletal Assessment—Joint Range of Motion and Manual 
Muscle Strength. 2nd ed. Philadelphia, PA: Lippincott Williams and Wilkins; 2000. 
20. Richter RR, VanSant AF, Newton RA. Description of adult rolling movements and 
hypothesis of developmental sequences. Phys Ther. 1989;69:63-71. 
21. Malmstrom EM, Karlberg M, Melander A, Magnusson M. Zebris versus Myrin: A 
comparative study between a three-dimensional ultrasound movement analysis and an 
inclinometer/compass method. Spine. 2003;28:E433-E440. 
22. Lin JJ, Yang JL. Reliability and validity of shoulder tightness measurement in 
patients with stiff shoulders. Man Ther. 2006;11:146-152. 
23. Conte ALF, Marques AP, Casarotto RA, Amado-Joao SM. Handedness influences 
passive shoulder range of motion in nonathlete adult women. J Manipulative Physiol 
Ther. 2009;32:149-153. 
24. Walker N, Bohannon RW, Cameron D. Discriminant validity of temporomandibular 
joint range of motion measurements obtained with a ruler. J Orthop Sports Phys Ther. 
2000;30:484-492. 
25. Hays RD, Martin SA, Sesti AM, Spritzer KL. Psychometric properties of the Medical 
Outcomes Study Sleep measure. Sleep Med. 2005;6:41-44. 
26. Spritzer KL, Hays RD. MOS Sleep Scale: A Manual for Use and Scoring. Version 1.0. 
Los Angeles, CA; 2003. 
27. Portney LG, Watkins MP. Foundations of Clinical Research: Applications to 
Practice. 3rd ed. Upper Saddle River, NJ: Pearson Education Inc; 2009. 
26 
 
28. American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and 
Prescription. 7th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2006. 
29. Fong SSM, Ng SSM, Luk WS, et al. Shoulder mobility, muscular strength and quality 
of life in breast cancer survivors with and without tai chi qigong training. Evid Based 
Complement Alternat Med. 2013;Special Issue on Tai Chi Chuan in Medicine and 
Health Promotion:Article ID 787169. doi:10.1155/2013/787169. 
30. Dijkstra PU, van Wilgen PC, Buijs RP, et al. Incidence of shoulder pain after neck 
dissection: A clinical explorative study for risk factors. Head Neck. 2001;23:947-953. 
31. Swedborg I, Wallgren A. The effect of pre- and postmastectomy radiotherapy on the 
degree of edema, shoulder-joint mobility, and gripping force. Cancer. 1981;47:877-
881. 
32. Fong SSM, Ng SSM, Luk WS, et al. Effects of qigong exercise on upper limb 
lymphedema and blood flow in survivors of breast cancer: A pilot study. Integr 
Cancer Ther. 2014;13:54-61. 
33. Oh B, Butow P, Mullan B, et al. Impact of medical qigong on quality of life, fatigue, 
mood and inflammation in cancer patients: A randomized controlled trial. Ann Oncol. 
2010;21:608-614. 
34. McGinty D, Szymusiak R. Keeping cool: A hypothesis about the mechanisms and 
functions of slow-wave sleep. Trends Neurosci. 1990;13:480-487. 
35. Adam K, Oswald I. Protein synthesis, bodily renewal and the sleep-wake cycle. Clin 
Sci (Lond). 1983;65:561-567. 
36. Berger RJ, Phillips NH. Comparative aspects of energy metabolism, body 
temperature and sleep. Acta Physiol Scand Suppl. 1988;574:21-27. 
27 
 
37. Blanco-Centurion CA, Shiromani PJ. Beneficial effects of regular exercise on sleep in 
old F344 rats. Neurobiol Aging. 2006;27:1859-1869. 
38. Santander H, Miralles R, Perez J, et al. Effects of head and neck inclination on 
bilateral sternocleidomastoid EMG activity in healthy subjects and in patients with 
myogenic cranio-cervical-mandibular dysfunction. Cranio. 2000;18:181-191. 
39. List MA, Bilir SP. Functional outcomes in head and neck cancer. Semin Radiat Oncol. 
2004;14:178-189. 
40. American Joint Committee On Cancer. AJCC Cancer Staging Manual. 5th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 1997. 
  
28 
 
Table  
Table 1. Tai Chi Qigong training protocol 
Activities Description of neck, shoulder 
and TMJ movements  
Approxim
ate 
duration 
Warm-up jogging exercise --- 5 minutes 
18 Forms Tai Chi Internal Qigong: 40 minutes 
1. Raising the arms and pressing 
down 
Shoulder flexion/extension  
2. Opening the chest Shoulder horizontal 
flexion/horizontal extension 
 
3. Painting a rainbow from side 
to side 
Shoulder abduction;  
cervical side flexion 
 
4. Separating the clouds with two 
arms 
Shoulder flexion and abduction 
followed by shoulder extension 
and adduction; cervical 
flexion/extension 
 
5. Rolling the arms in a horse-
riding stance 
Shoulder flexion/extension  
6. Rowing the boat Shoulder flexion/extension  
7. Carry a ball in front of the 
shoulders 
Shoulder flexion and horizontal 
flexion; cervical rotation 
 
8. Turning around to look at the Shoulder flexion and abduction;  
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moon cervical rotation 
9. Twisting the waist and pushing 
the palms 
Shoulder flexion/extension  
10. Cloud hands in a horse-riding 
stance 
Shoulder abduction/adduction; 
cervical rotation 
 
11. Scooping the sea and searching 
the sky 
Shoulder flexion and abduction; 
cervical flexion/extension 
 
12. Pushing waves in a walking 
stance 
Shoulder flexion/extension  
13. Flying dove spreads its wings Shoulder abduction and 
horizontal flexion/extension 
 
14. Punching in horse stance Shoulder flexion/extension  
15. Flying like wild geese Shoulder abduction/adduction  
16. Rotating a flying wheel Shoulder abduction; cervical 
side flexion and rotation 
 
17. Stepping whilst bouncing a 
ball 
Shoulder flexion/extension  
18. Pressing down to balance the 
chi 
Shoulder extension  
Additional exercises specifically for NPC survivors: 40 minutes 
1. Crossing the arms in front of 
the chest and curling up the body  
Shoulder flexion; cervical 
flexion 
 
2. Hands behind neck Shoulder abduction and  
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horizontal extension 
3. Olfactory stimulation 
(breathing in slowly and deeply, 
imagining smelling a flower) 
Shoulder flexion  
4. Inner ear stimulation (using the 
hands to compress the ears 
externally) 
Shoulder abduction; cervical 
side flexion 
 
5. Oral and swallowing training 
(swallowing saliva bit by bit) 
Closed the mouth (mandibular 
elevation) 
 
6. Mouth-opening and making 
sounds with the throat 
Cervical extension; open the 
mouth (mandibular depression) 
 
Cool-down gentle stretching 
exercises 
--- 5 minutes 
All of the movements were practiced in sequence and repeatedly while standing. The 
participants learned one to two new movements each session until they could perform all 
of the TC Qigong movements on their own.  
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Table 2. Participants’ characteristics 
 TC Qigong group 
(n=25) 
Control group 
(n=27) 
P 
Age (year) 55.4±7.5 58.7±9.5 0.172 
Sex (men/women, n) 12/13 16/11 0.416 
Weight (kg) 59.5±15.1 56.8±10.5 0.451 
Height (cm) 163.2±9.1 161.5±8.1 0.496 
Body mass index (kg/m2) 22.3±5.0 21.7±3.3 0.640 
NPC stage at diagnosis according to the American Joint Committee on Cancer 
staging system [40] 
  Stage I (n, %) 5 (20%) 2 (7.4%)  
  Stage II (n, %) 5 (20%) 7 (25.9%)  
  Stage III (n, %) 11 (44%) 15 (55.6%)  
  Stage IV (n, %) 4 (16%) 3 (11.1%)  
Post-NPC duration (year) 12.5±7.1 8.4±9.7 0.094 
History of NPC treatment    
  Radiotherapy only (n, %) 17 (68%) 9 (33.3%)  
  Radiotherapy and 
chemotherapy (n, %) 
7 (28%) 18 (66.6%)  
  Radiotherapy, chemotherapy 
and surgery (n, %) 
1 (4%) 0 (0%)  
Residual neck pain or 
shoulder pain (yes/no, n) 
2/23 1/26 0.507 
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Mean ± SD presented for the continuous variables. 
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Table 3. Outcome measurements 
 TC Qigong group  
(n=25) 
Control group  
(n=27) 
Group x Time 
interaction 
Group effect Time effect 
 Pre  Mid Post  
 
FU  
 
Pre  
 
Mid Post  
 
FU  
 
Effect 
size 
P  Effect 
size 
P  Effect 
size 
P  
Cervical spine active range of motion (˚) 
  Right side 
flexion  
24.00±
9.24a 
28.28±
9.28b 
28.44±
9.13 
28.84±
8.33b 
33.52±
9.69 
33.33±
9.19 
33.04±
8.36 
29.74±
10.39 
0.034 0.205 0.016 0.397 0.011 0.672 
  Left side 
flexion 
24.40±
11.21a 
26.52±
9.61 
28.24±
11.33 
29.72±
11.41 
31.78±
10.00 
29.63±
8.97 
30.00±
8.94 
29.22±
9.07 
0.095 0.006* 0.131 0.013* 0.013 0.605 
  Right rotation 50.00±
17.02a 
56.00±
17.44 
53.48±
14.83 
53.28±
14.89 
64.07±
13.52 
61.85±
17.38 
61.78±
16.58 
58.33±
17.11 
0.017 0.483 0.016 0.397 0.048 0.098 
  Left rotation 52.00±
17.68 
55.32±
18.04 
53.52±
15.92 
51.92±
15.19 
59.81±
12.82 
60.93±
15.44 
59.33±
14.90 
56.56±
15.13 
0.004 0.874 0.013 0.439 0.035 0.198 
Shoulder joint active range of motion of the dominant side (˚) 
  Flexion 174.40 173.20 170.76 167.72 170.93 171.67 169.93 162.96 0.008 0.646 0.014 0.427 0.035 0.206 
34 
 
±10.83 ±11.89 ±12.52 ±15.37 ±20.19 ±16.81 ±16.84 ±23.89
c 
  Horizontal 
flexion 
128.20
±7.34a 
128.00
±9.79 
123.60
±11.11 
122.92
±10.95 
121.85
±13.53 
122.59
±24.19 
119.44
±22.59 
119.85
±23.46 
0.009 0.689 0.000 0.946 0.032 0.232 
Temporomandibular joint active movement (cm) 
  Mouth opening 
capacity 
3.42± 
1.08a 
3.59± 
1.08 
3.33± 
1.01a,c 
3.42± 
1.01 
4.52± 
1.43 
3.89± 
0.80b 
3.84± 
0.71b 
3.86± 
0.69b 
0.028 0.274 0.006 0.598 0.008 0.707 
Sleep problems measured by the MOS Sleep Scale 
  Nine-item sleep 
problems index  
30.28±
15.24 
31.81±
17.86 
31.55±
18.41 
26.48±
18.17c,
d 
32.59±
18.79 
35.02±
16.91 
31.21±
18.91 
30.95±
20.65 
0.018 0.410 0.005 0.615 0.063 0.037* 
  Sleep 
disturbance score 
26.04±
19.84 
26.35±
18.68 
19.69±
17.31a 
17.55±
16.52a,
b,c 
30.74±
22.18 
32.13±
20.52 
30.83±
21.20 
31.48±
23.38 
0.059 0.049* 0.056 0.096 0.065 0.035* 
Pre: Pretest (baseline); Mid: Mid-intervention test (3 months); Post: Posttest (6 months); FU: Follow-up test (12 months). 
Mean ± SD presented for the continuous variables. 
The effect sizes are in partial eta-squared. 
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Between groups: 
a Denotes a difference significant at p<0.05 compared with the control group. 
Within group (alpha adjusted to 0.008 due to six paired comparisons): 
b Denotes a significant difference at p<0.008 compared with the pretest values. 
c Denotes a significant difference at p<0.008 compared with the mid-intervention test values. 
d Denotes a significant difference at p<0.008 compared with the posttest values. 
Group by time interaction, group and time effects: 
* Denotes a significant difference at p<0.05. 
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Table 4. Correlations between the cervical side flexion ranges of motion and MOS Sleep 
Scale-derived scores in the TC Qigong group at the posttest and follow-up test periods 
 Nine-item sleep problems 
index 
Sleep disturbance 
score 
Posttest   
  Cervical right side flexion 
ROM 
-0.325 -0.734* 
  Cervical left side flexion ROM -0.298 -0.213 
Follow-up test   
  Cervical right side flexion 
ROM 
-0.339 -0.534* 
  Cervical left side flexion ROM -0.533* -0.287 
* Denotes a significant difference at p<0.05. 
 
